Introduction
It is increasingly difficult for railway companies in Japan to secure employees as a train operator due to the declining birth rate and aging population. Another cause of concern is the number of new recruits and existing drivers who fail to pass eyesight tests during their physical examinations, since eyesight among young people is generally becoming poorer and drivers are getting older due to extension of the retirement age. At the same time driving conditions themselves have also changed considerably. Railway safety equipment technology has been making progress and the quality of glasses has improved. Given this backdrop, there is a growing consensus eyesight standards set for physical examinations, originally devised in 1959, should be reevaluated.
Consequently the "Committee for Researching the Eyesight Standards Provided in Physical Examination Required for Train Drivers" proposed a partial reevaluation of these eyesight standards [1] , which was followed by a recast of the relevant ministerial ordinance in 1994 ( Table  1 ). The committee deemed that "train divers should be able to recognize wayside signals from a distance of 600 m" and commissioned research to that effect. Practicing driv- Eyesight falls under any of the following; イ A person shall have at least 1.0 of naked vision in each eye. ロ A person shall have at least 1.0 of naked vision for one eye and at least 0.2 of naked vision for the other eye and be able to correct the eye to at least 1.0 with a pair of glasses which do not have any more than three diopter of lens refractivity. ハ A person shall have at least 0.2 of naked vision in each eye and be able to correct the eyes to at least 1.0 with a pair of glasses which do not have any more than three diopter of lens refractivity and of which lenses do not have any difference more than two diopter each other.
Revisions of that in 1994
A person shall have at least 1.0 of naked vision in each eye or be able to correct the eye to at least 1.0 with a pair of glasses which do not have any more than eight diopter of lens refractivity for near-sighted or any more than three diopter of lens refractivity for far-sighted.
Revisions of that in 2012
A person shall have at least 1.0 of binocular vision and at least 0.7 of vision in each eye, whether vision is naked or collected.
ers participated in this research as the test subjects. They were required to recognize wayside signals while wearing 3 different types of test lens prescribed as 1.0, 0.7, and 0.4 of monocular vision. Results supported the hypothesis that 0.7 of vision in each eye was enough to recognize signals from a distance of 600 m. The committee discussed eyesight from various angles including the abovementioned results and then partially proposed to moderate the standards of lens refractivity for correcting vision. However, the committee couldn't propose to moderate the degree of vision standards yet, because there still remained concerns relating to safety confirmation. In addition, it was pointed out the visibility of high speed signals (GG; Left in Fig.1 ) to be going to be introduced anew. Another examination for confirming visual acuity required to recognize GG shall make the discussion more reliable in that time.
Following on from the above, the "Committee for Researching and Discussing the Eyesight Required for Train Drivers" discussed further reevaluation of eyesight standards in 2011. [2] As a result, eyesight standards (Table  1) were reevaluated in April 2012. Fundamental research was conducted to investigate visual acuity required for recognizing wayside signals, especially GG, as one of crucial matters to be discussed. The Committee tasked the Railway Technical Research Institute with conducting the investigations. This paper reports on investigation methods employed and results.
Method
According to existing information, GG has the same degree of visibility as the other signals when viewed from a stationary standpoint. However, in practice GG should be identified from a train moving at a speed of about 160 km/h. A section of a commercial line was, therefore, selected for carrying out in-line tests to investigate the visual acuity with which subjects could identify GG on board a train cab from a distance of 600 m. At that time their vision was controlled with wearing the special glasses prescribed for the test. As a reference, the progress signal was also used. (G; Right in Fig.1) 
Date and time
The investigation was conducted from 8:00 to 15:30 over four days, during which time the weather varied between cloudy, cloudy with occasional little sunlight, fine, and cloudy after rain. Sunrise was approximately 6:30 and sunset approximately 16:30.
Eyesight conditions
GG can be seen without any problem with at least 1.0 of vision in each eye, because GG has already installed in commercial railways in Japan. The coverage of this survey, therefore, should be around and below 1.0 of vision in each eye. And the lowest of the coverage was about 0.4 of vision in each eye referring to the former survey [1] . Subjects were instructed to look at signals wearing three different types of test glasses prescribed as vision of 1.0, 0.7, 0.4 respectively in each eye, allowing data to be collected for this visual range.
Subjects
Eighteen subjects -either practicing drivers or with driving experience -participated in the tests. They were divided into groups of four, and each was taken into a train cab. 15 of the 18 recognized signals under all 3 sets of visual condition, and 3 of them only under 1 visual condition.
Section and Test Signals
The test section lies between Chiba New Town Chuo station and Narita Airport Terminal 2 station. Five wayside signals with a sighting distance of 1000m were selected as the test signals. 
Measurement
Recognition errors, subjective appearance ratings and recognition distance were measured. Subjects pushed the button corresponding to the signal as soon as they identified it. The distance from the point of recognition to the signal (Recognition distance) was measured at that point in time. (4) Eyesight Since eyesight varies depending on the day, time and physical condition of subjects, their eyesight wearing test glasses was measured each day before the tests by an ophthalmologist and not the prescribed vision but this the measured one was adopted as the test data.
Results

Train speed
Signal devices, No.1 and No.2, indicated the aspect G at a distance of 600 m from the train each time the train was travelling at between 120km/h to 130km/h.
Signal devices, No.3, No.4 and No.5, indicated the aspect GG at a distance of 600 m from the train every time it was travelling between 154km/h to 157km/h, except for the following two cases: Case one -the signal was G at a distance of 600m for a train running at 157km/h when it should have been GG. In another case, the signal had just changed from G to GG, at a distance of around 600m for a train travelling at 152km/h. The data of the latter case was considered invalid because the signal was changed too close to the time at which subjects were required to recognize the sign leading to the possibility that the data was unreliable. Table 2 shows the number of cases where a subject wearing the test glasses misidentified a signal from a distance of 600 m or was unable to identify it altogether.
Recognition Errors
There were 25 cases (11%) among the total of 222 cases where subjects failed to identify the signal from a distance of 600 m. Of these 24 cases were for the signal GG. The sole case to recognize the signal G was attributable to subject's binocular vision being 0.9 and monocular one 0.6 in either eye.
Even subjects with at least 1.0 of binocular vision misidentified the signal in one case and were unable to identify it in three cases. These four cases accounted for 5 percent of the total number of cases (77 cases) for subjects with binocular vision of 1.0. These cases occurred with 3 subjects whose lower vision was 0.6 in either eye.
All subjects with at least 0.7 vision in each individual eye managed to identify the signals correctly. Figure 2 shows the percentage of correct recognition of the signal corresponding to binocular vision. There are few incorrect cases for G with any binocular vision, but the percentage of correct recognition for GG is influenced by binocular vision. The percentage of correct signal recognition Percentage of correct recognition of a signal
Vision in both eyes
GG G tends to increase as binocular vision improves except for 1.2 of vision. However, more ample data needs to be collected given that only scant data exists for 0.4 and 1.2 binocular vision.
Subjective appearance ratings
There were no cases where subjects answered "7. I can see it overmuch clearly and feel uncomfortable."
One subject in one case with 0.6 of binocular vision and 0.2 of lower monocular one in either eye, replied, "0. I cannot identify the signal."
There were 17 cases where subjects answered "1. I can see it only vaguely," and this included three cases where they had 1.0 of binocular vision. These three cases occurred in two subjects who had 0.6 of monocular vision of the lower eye. All cases where subjects answered "0. I cannot identify the signal" or "1. I can see it only vaguely" were under the condition of GG.
There were 34 cases where subjects answered "2. I can see it but I cannot say with confidence what it is," of which 7 cases, or 20 percent, were on a condition of 1.0 of binocular vision. The 34 cases occurred in subjects who had 0.6 of monocular vision of the lower eye and included 29 cases under the condition of GG and 5 cases under the condition of G.
In case of 0.7 of monocular vision of the lower eye, all subjects selected answered from "3. I can see it if I concentrate hard" to "6. I can see it clearly and easily." Figure 3 shows the averages of the subjective appearance ratings with binocular vision under G and GG conditions. The subjective appearance ratings of G are better than those of GG. The subjective appearance ratings of both signals tend to increase as the increase of binocular vision except for 1.2 of binocular vision. A vision with which the subjective appearance ratings exceed "3. I can see it if I concentrate hard" is in between 0.5 for G and 0.8 for GG.
As mentioned in 3.2, there were no recognition errors for subjects with 1.0 of binocular vision and at least 0.7 of vision in each invidual eye. As mentioned above, the corresponding subjective appearance ratings in case of these visual conditions were also from "3. I can see it if I concentrate hard" to "6. I can see it easily with perfect vision." On the other hand, there were recognition errors and the subjective appearance ratings of "1. I can see it only vaguely" occurred in cases where subjects had at least 1.0 of binocular vision and under 0.6 of vision of the lower eye. There was a possibility of recognition errors even if subjects had 1.0 or 1.2 vision. These cases occurred in case of 0.6 of vision of the lower eye as mentioned above. Results would therefore indicate that recognition of signals depends not only on overall binocular vision but also on visual acuity of the eyes individually. The average of the subjective appearance ratings of signals in relation to vision of the lower eye raging from 0.3 to 0.8 with binocular vision of 1.0, was 
Averages of Appearance ratings
The lower vision in either eye with 1.0 of vision in both eyes GG G calculated (Fig.4) . This data is limited to the cases of 1.0 of binocular vision, but the subjective appearance ratings of both of GG and G tend to increase as the monocular vision of the lower eye decreases. This correlation was statistically significant (correlation coefficient r=.404, p<.05 for GG, r=.404, p<.05 for G) and it was observed that the higher the subjective appearance ratings are, the higher the monocular vision of the lower eye is. The result suggests that even if a subject has relatively high binocular vision (even 1.0 of vision), his/her appearance of signals could become worse with his/her monocular vision of the lower eye.
Recognition distance
After eliminating cases of misidentification of or inability to recognize signals, the distance required to recognize a signal was calculated for both the 130km/h section and the 160km/h section. G was designed to be recognized by subjects in the 130km/h section and GG in the 160km/h section, but, in fact, 90 cases of G were lighted in the section of 130km/h and 105 cases of GG were lighted in the 160km/h section and 2 cases of G were lighted in the 160km/h section.
Subjects usually recognized signals from a distance of at least 600m in the 130km/h section, and the recognition distance margin to the distance of 600m increased as the increase of their vision. The average distance for recognizing signals was 820m (in 90 cases).
But there could be a delay between the moment when a subject recognizes a signal and the time he/she pushes the button. In practice the maximum delay was 35m (a recognition distance of 565m), or the response time was about 0.9s after the reference time when the position at a distance of 600m from a signal passed by.
Subjects mostly recognized signals from a distance of at least 600m in the 160km/h section, and the average of recognition distance was 681m to the signal (for 107 cases). The maximum delay was 61m (a recognition distance of 539m), or the response time was about 1.4s after the reference time at a distance of 600m from a signal. Figure 5 shows the recognition distance of a signal calculated in relation to binocular vision. The recognition distance of G is longer than that of GG. The higher the binocular vision is, the longer the recognition distance of GG and G tends to be.
Like a consideration in 3.3 Subjective appearance ratings, the average of recognition distance of signals in relation to the monocular vision of the lower eye with binocular vision of 1.0. (Fig.6) The recognition distance of G tends to decrease as the vision of the lower eye becomes worse, but GG doesn't correspond to this pattern. No particular tendency was found between vision of the lower eye and the recognition distance of G.
Statistical comparison between GG and G
This test investigated the vision required to recognize GG and G. Results showed that subject recognized GG when the train was running between 154km/h and 157km/ h, whereas it was between 120km/h and 130km/h when the subjects recognized G, apart from one case where it was recognized at 157km/h. The goal of this investigation was to determine the vision required to recognize GG and from a point of view of comparison between GG and G in consideration of the train speeds, the data is organized as shown in Fig.7, Fig.8 and Fig.9 . Figure 7 shows a comparison of the percentages of the recognition error between GG and G. The number of recognition errors for GG is higher than for G (c2(1) = 14.9, p < .01). Figure 8 shows a comparison of the distribution of subjective appearance ratings between GG and G. The ratings of GG tend to be worse than those for G (c 2(4) = 36.4, p < .01). In the figure the ratings of 0 and 1 are merged, and 5 and 6 are also merged because there were only few instances of this case (with none for a rating of 7). Figure 9 shows compares the average recognition distance between GG and G. GG was 681m and G was 818m. 
Signal
The recognition distance of GG was therefore shorter than that for G (t(195) = -9.580, p < .01). Based on the above comparison between GG and G, it was confirmed that it is more difficult to recognize GG than G. GG therefore requires better vision than G.
Conclusion
Investigations were made into the level of eyesight required to recognize high speed signals, GG, and the progress signal, G, at a distance of 600 m, from a driving cab. A section of a commercial line was selected and test subjects, train drivers and/or person with driving experience were asked to recognize the signals wearing special test glasses prescribed to control levels of eyesight from train cab and at a distance of 600 m. Recognition errors, subjective appearance ratings and recognition distances were measured and the following results were obtained.
(1) 25 cases (11%) among a total of 222 cases where subjects misidentified GG/G or were unable to identify either signal from a distance of 600 m. These included 24 cases for GG. Subjects with at least 1.0 of binocular vision misidentified a signal in one case and were unable to identify one in three cases. These four cases occupied 5 percent of the whole cases (77) where subjects had 1.0 of binocular vision. These four cases occurred under conditions of 0.6 monocular vision of the lower eye.
Through this investigation, there were no cases where subjects with at least 0.7 of vision in each eye misidentified a signal and/or were unable to identify it. (2) There was one case where subjects answered "0. I can't identify the signal," in which case the condition of binocular vision was 0.6 and the lower monocular one was 0.2. There were 17 cases where subjects answered "1. I can see it only vaguely," and that included three cases where they had 1.0 of binocular vision and. These three cases occurred in two subjects who had 0.6 or lower of monocular vision of the lower eye. All of cases where subjects answered "0. I can't identify the signal" and "1. I can see it only vaguely" occurred under the condition of GG.
There were 34 cases where subjects answered "2. I can see it but I can't say it with confidence," and that included 7 cases, or 20 percent, were on a condition of 1.0 of binocular vision. The 34 cases occurred in subjects who had 0.6 of monocular vision in either eye and included 29 cases under the condition of GG and 5 cases under the condition of G.
Throughout this investigation, subjective appearance ratings were higher when binocular vision was better. And the subjective appearance ratings of signals were affected by the lower vision in either eye and ranged from "3. I can see it if I concentrate hard" to "6. I can see it easily with perfect vision" in case of at least 0.7 of vision in each eye. (3) Subjects mostly recognized signals from a distance of at least 600m in the 130km/h section and the average of recognition distance of 90 cases was 820m to signals.
Subjects mostly recognized signals from a distance of at least 600m in the 160km/h section, but recognition distance margin tended to become short. The average of recognition distance of 107 cases was 681m to signals. The higher binocular vision was, the longer the recognition distance of GG and G tended to be. (4) Consequently, GG is a signal requiring higher vision to be recognized than G. And signal recognition is affected by monocular vision as well as binocular one. It is therefore considered that "at least 1.0 of binocular vision and at least 0.7 of vision in each eye" are required for drivers to recognize GG.
Closing remark
This investigation was entrusted to us by Japan Train Operators' Association sponsoring the "Committee for Researching and Discussing Eyesight Required for Train Drivers" and the results were utilized in the Committee report. After receiving the report, the eyesight standards provided in the Ministerial Ordinance for Driver License was reformed in April 2012. It is our hope that this reform is instrumental in improving the safety of railways and to securing excellent employees.
